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Executive Summary
Diagnostic Study
Miller Creek is an urban trout stream located in St. Louis County, Minnesota. It flows through
the cities of Duluth and Hermantown. Water quality is extremely poor near the Miller Hill Mall,
but downstream in the lesser-developed regions the water quality improves dramatically. The
creek has become the focus of the Miller Creek Joint Powers Board (JPB), local residents, the
environmental community, conservation groups, and resource management agencies because of
the high rate of development in the watershed. The primary concern is the decline and potential
loss of the brook trout fishery in the creek. Related concerns include degraded benthic
macroinvertebrate populations, increased water temperatures, sedimentation, loss of habitat, and
high chloride and metals concentrations.
The overall goal of the Miller Creek Clean Water Partnership Project is to provide for a viable,
self-sustaining urban trout fishery, as well as to educate the public regarding watershed health
and urban impacts to area trout streams. The specific objective of the diagnostic study is to gain a
thorough understanding of thermal impacts to Miller Creek so that restoration and preservation
efforts can be concentrated on areas that are the most critical to the survival of a viable brook
trout fishery.
This report documents the high temperatures and high chloride levels found in Miller Creek.
Creek temperatures in the Miller Hill Mall area routinely exceed the Maximum Tolerable Limit
(74.8º F) identified in U.S. Environmental Protection Agency guidance. Additionally, the data
indicate that parts of the creek are also exceeding the acute toxicity levels for chloride.
Implementation Plan: Preparation for Phase II
The high percentage of impervious surface, road and parking area maintenance and the loss of
canopy are directly responsible for the degradation of the water quality and habitat in Miller
Creek. The purpose of the potential Clean Water Partnership Phase II implementation project
will be to put into practice, monitor, and evaluate control measures designed to solve
documented water quality problems. The solution to these problems will require the completion
of those measures that are most efficient at preventing polluted stormwater from entering Miller
Creek.
In anticipation of Phase II, an implementation plan was developed and is part of this report. The
purpose of the implementation plan is pollution prevention. The plan consists of six program
elements or goals: increasing public awareness of in-stream water quality issues, reducing instream pollutants, reducing pollutant loadings, improving government management, protecting
habitat and monitoring water quality and management practices. Control measures such as
distributing education materials, setting aside vegetative buffers, minimizing road salt use and
passing ordinances are organized and aligned with the six basic elements. When implemented
these controls should result in significant pollution reductions and improved stream water quality
and habitat.
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Introduction and Project Background
History of the water of concern and project area:
In the past, Miller Creek has ranked as one of the best brook trout streams in the
Duluth/Hermantown, Minnesota area. However, over the past 30 years portions of the Miller
Creek Watershed have undergone significant commercial development. Results of this
development include the filling of wetlands, removal of riparian cover, and the introduction of
large volumes of storm water runoff from impervious surfaces. The effects of such impacts
include demonstrated benthic impairment in some stream stretches, as well as the introduction of
high concentrations of sediment, heavy metals, chlorides, and elevated water temperatures.
Historically, due to Miller Creek’s bedrock formation, it has depended on rainwater and
snowmelt as the bulk of its recharge source. However, over the past 30 years this reliance has
begun stressing the system. The formerly pristine area around the headwaters of the creek has
undergone intense development with the addition of an international airport, shopping malls,
homes, roads, parking lots and a capped landfill. The creek has been rerouted four times to
accommodate development in its watershed. While brook trout continue to reproduce, their
numbers are declining in the creek segments adjacent to the most intense development. In these
areas stormwater runoff and winter road salt has the shortest, most direct potential route to the
creek, and water temperature increases due to inadequate riparian cover and altered creek flow
dynamics.
In 1994 the Miller Creek Task Force was formed by a group of concerned citizens, Duluth and
Hermantown planning department staff, city councilors from Duluth and Hermantown,
representatives from area businesses, T.R.O.U.T, Trout Unlimited, the Izaak Walton League,
Lake Superior College, the Natural Resources Research Institute, Minnesota Air National Guard,
the South St. Louis Soil and Water Conservation District, the Minnesota Department of Natural
Resources (DNR), the Minnesota Pollution Control Agency, and the Natural Resources
Conservation Service.
The Task Force formed in an attempt to restore and protect the watershed from the impacts of
ongoing development. The adopted mission statement includes “restoration of impacted areas,
preservation of non-impacted areas, and increased community awareness in order to support
restoration and preservation within the Miller Creek Watershed.” This is in agreement with the
principle outlined in the public forum “Vision for Duluth 2001 and Beyond,” which states,
“Duluthians will preserve the Natural Heritage System of Lake Superior, woodlands, wetlands,
St. Louis River, creeks, hillsides and expand the system for future generations.” In the fall of
1994, the city councils of Duluth and Hermantown passed resolutions in support of Task Force
goals. In 1998, the cities of Duluth and Hermantown formed the Miller Creek Joint Powers to
oversee conservation projects in the watershed. The JPB consists of appointed volunteer
representatives from both cities.
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Project Purpose:
The importance of Miller Creek’s unique position as a viable trout stream amidst increasing
development pressures prompted the Miller Creek Task Force to apply to the Minnesota
Pollution Control Agency Clean Water Partnership Grant Program for funding to develop and
implement a workable plan to protect the watershed. Although the creek has been studied
heavily, realistic restoration goals had not been set or obtained. The reasonable hope for this
project is to not only protect the watershed and the fishery, but also develop a model for other
similar watersheds, both in the Duluth region and elsewhere.
Project Partners:
Diagnostic Study and Implementation Plan Author Pamela Gipe, South St. Louis SWCD / University of Minnesota
South St. Louis Soil and Water Conservation District
Minnesota Department of Natural Resources
Lake Superior College
Natural Resources Research Institute
Minnesota Pollution Control Agency
City of Hermantown
City of Duluth
Minnesota Department of Transportation
Miller Creek Joint Powers Board
Izaak Walton League
Trout Unlimited
TROUT
Hermantown Schools
Project Milestones:
Program Element
Development of Project Work Plan:
Fiscal management and administration:
Stream flow monitoring:
Temperature monitoring-streams, tributaries,
and detention basins:
Habitat and aquatic life assessment-trout habitat
assessment, benthic macroinvertebrate survey:
Chloride/TSS monitoring:
Information and education program:
Completion of implementation plan and
diagnostic study, including GIS overlays
of the watershed and study findings:

Completion Date
7/96
7/01
10/98
10/99
5/96
6/99
10/00
7/01
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DIAGNOSTIC STUDY
Methods
Water quality monitoring:
Continuous flow monitoring took place at three locations: downstream, at 26th Avenue West,
one-half block south of Michigan Street at the mouth of the tunnel, a mid-stream site at
Chambersburg Road, and upstream, at the box culvert outlet where U.S. Highway 53 crosses
Miller Creek, near the Target shopping center. The 26th Avenue West site is at a previously
monitored location, with a shelter and staff gauge already established. Monitoring at this
location will provide a very close approximation of the stream flow outlet to the St. Louis Bay.
Monitoring the Highway 53 crossing assesses the flow in the upper one-half of the watershed
and is in the middle of the expanding commercial area. This site was linked by telephone line to
allow for remote access through a voice modem. The site also had a tipping bucket rain gauge
located at the top of the watershed. This provides more accurate rainfall data than weather
service information.
Five stream staff gauges were also installed at other locations to allow investigators to determine
instantaneous flow at various reaches and tributaries. Data loggers were provided by the MPCA.
Temperature monitoring was implemented by Glenn Merrick (Lake Superior College). Twelve
stream and tributary locations were monitored. Approximate locations are indicated on the map
on the following page. Mr. Merrick downloaded temperature data from temperature probes for
three years, (1996, 1997, and 1998). Stream reaches, major tributaries, and the temperature of
the stormwater at inlets and outlets to stormwater detention basins were monitored. 1996 data
was not complete and therefore is not included in this report.
Roger Haro (NRRI) supervised a trout Habitat Suitability Index; however, this report is not yet
completed. These results will not be completed in time for this report, and will therefore not be
included.
Continuous conductivity probes were installed at the flow monitoring stations to take
measurements year-round.
Event-based conductivity and chloride and total suspended solids chemistry grab sampling was
conducted to determine peak concentrations during snowmelt events. Sampling locations
paralleled those monitored for temperature, especially in areas above and below major
tributaries/storm water outfalls. The samples were collected weekly in winter months, through
drill holes in the ice when necessary.
The Natural Resources Research Institute, University of Minnesota, performed
macroinvertebrate habitat studies in 1992, which are used in this report to attempt to identify
those areas that are more sensitive to the changes in land use.
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Watershed assessment:
The South St. Louis SWCD developed project area maps of the Miller Creek Watershed. These
project an overlay of the watershed and subwatershed boundaries onto an aerial photo. The
accompanying publication “Urban Land Use Effects on Nonpoint Pollution Loading: the Miller
Creek Case Study,” describes land use, vegetation type, pond and drainage characteristics by
subwatershed.
Quality Assurance Project Plan:
The only chemical parameters analyzed as part of this project were chloride and TSS. ERA
Laboratories in Duluth provided sample bottles, labels and conducted analyses.
A field technician from the South St. Louis SWCD conducted field sampling for chloride and
TSS. Local MPCA staff instructed the technician as to proper sampling methods. The samples
were obtained using a 1-liter Nalgene bottle fastened to a sampling pole. The bottle was
submerged in the creek (for chloride samples) or storm sewer pipe (for TSS samples), filled and
emptied once to rinse the bottle, filled a second time and the sample then poured into the prelabeled 1-liter Nalgene sample bottle. Labels indicate sample number, location, date and time.
Samples were kept in a cooler with ice and were dropped off at the laboratory within 30 minutes
after collection.
Chloride and TSS sampling were reported to the MPCA (Duluth office) where they were entered
into the Excel spreadsheet program and checked for proper data entry.
The Minnesota Department of Natural Resources (DNR) performed stream flow measurement.
Rating curves for flow monitoring were established with at least seven discharge measurements
over a wide range of flow conditions. Methods were consistent with USGS standards.
Temperature monitors used for stream and best management practices (BMP) monitoring were
calibrated, set up for sampling duration and interval, and assigned and referenced to a field site
prior to deployment in consultation with Dr. Roger Haro. Following data collection, the
temperature probe data was downloaded onto a spreadsheet for analysis.
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Results
The Miller Creek Watershed
Miller Creek is a unique stream, maintaining a viable native trout population while in the midst
of a rapidly developing urban area. Although the trout population is currently surviving, the
increase in development pressures is beginning to affect the population. Urban fisheries are
often disregarded in urban planning. Successfully protecting Miller Creek will help ensure a
healthy trout population and provide an excellent model for other urban areas expanding into
rural areas.
The Miller Creek Watershed is located in both Duluth and Hermantown, and contains a wide
range of land uses. The “St. Louis River System Remedial Action Plan, Appendix M” provides
the following information about the watershed. The drainage area is 6,304 acres, or 9.85 square
miles. Just over 2 square miles of the watershed are located within Hermantown, with the
remainder in Duluth. The creek originates near the Duluth International Airport, the Army
Reserve Base and the Rice Lake Landfill. This area is primarily rural residential, with a minimal
impact on the creek. However, more development will inevitably come into the area, so
appropriate conservation techniques must be used in the future.
The creek then flows down along Trunk Highway 53, a four-lane highway connecting the Miller
Hill area to the rest of Duluth. The highway crosses the creek at three different points. This
area is undergoing rapid commercial development and is the location of a regional retail
shopping center (Miller Hill Mall, Target, K-Mart, Wal-Mart, Kohl’s, Stone Ridge Shopping
Center, Home Depot and surrounding commercial strip malls). Although small stormwater
detention ponds are starting to be included in new development, the impact of these appears to be
only minor flow control, although they may also be increasing water temperatures. The large
percentage of impervious surface and elimination of the vegetative buffer and canopy, combined
with increased traffic and road runoff, has had a dramatic effect on the water quality of Miller
Creek.
The lower third of the watershed consists of extensive medium density, older residential
development throughout the area, as well as dense residential, small commercial and industrial
development in the last several blocks of the watershed. In the lower watershed area, there are
no storm water impoundment facilities. Several sections of the streambed have been channeled
or re-routed in the retail area as well as near the mouth of the creek. Additionally, approximately
three blocks of creek have been routed into culverts near the mouth and are now entirely
underground.
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Miller Creek’s geomorphology is typical of the other Duluth streams. The bedrock is igneous
rock, and the creek flows from flat uplands over a steep glacial ridge, down into Lake Superior.
The upland areas consist of shrub swamp wetlands. The lower reach is very steep, (up to
470’/mile gradient), as it flows over the glacial ridge. A high groundwater table and shallow
depth to bedrock characterize much of the northern half of the watershed.
Water Quality

Figure 1: Changes in runoff due to urbanization

Urbanization:
Miller Creak faces three major water
quality threats: increased water
temperature, chloride loadings, and
sedimentation. All of these are the
result of increased development.
Increases in urbanization bring along
changes to the natural drainage
patterns. Waterproof ground cover –
or impervious surfaces – increases,
while vegetative ground cover that
can absorb water decreases. Runoff
is channelized into road ditches,
storm sewers and paved channels.
The volume and velocity of runoff
from the watershed increases as the
amount of rainfall that can infiltrate
into the soil decreases. The increase in water volume and velocity creates higher flows, flooding,
and extensive erosion in natural
streams.
Figure 2: Changes in creek hydrology as a result of
urbanization (Schueler, ’92 as cited in MPCA, 2000)

The MPCA’s recent version of
the Watershed Best Management
Practices contains two figures
explaining the relationship
between runoff and impervious
surfaces. These figures are
shown here as Figures 1 and 2.
The reduction in streamside
vegetation, also known as riparian
cover, removes much of the
mechanisms for keeping a stream
cool. More solar radiation
reaches the stream, raising the instream temperatures. The
removal of riparian cover is quite
evident along Miller Creek's mall
section. The removal of canopy is particularly important in the Miller Creek case because the
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stream has limited groundwater inputs given the bedrock conditions in much of the area.
Additionally, according to the EPA Office of Watersheds, when paved surfaces are heated (by
solar radiation), they can transfer the heat to runoff from these surfaces in turn increasing the
heat of the receiving waters. These two mechanisms (reduction in natural cooling and increase
in heating) combine to significantly impact water quality.
Road salt may also significantly impact water quality. According to the “Duluth Metropolitan
Area Streams Snowmelt Runoff Study,” the city of Duluth applies salt to the roads roughly 23
times a year. Approximately 4,600 tons of salt are used each year for deicing. With 573 miles of
road, this equals 698 pounds of salt per mile of road per snowfall. Much of the salt applied will
end up in the surface or groundwater (Pitt at al., 1994a, as cited in MPCA 2000) because of its
high solubility. Chloride levels are the highest in late winter (up to five times spring levels) as
initial melting occurs from snow containing significant amounts of road salt and stream flows are
lowest. Based on the chloride concentrations found in the winter, it is obvious that the ice cover
provides little protection for the streams. The chloride from the salt can become toxic in a
freshwater system if the concentrations become too high.
Stream sedimentation is also a major concern in the watershed. In addition to road salt, many
tons sand are applied to roads during the winter. During stream investigations the detrimental
impact from sand was discovered in Miller Creek. Channel braiding and imbedded substrate was
observed (Sandstrom, 2000). The Miller Creek JPB received Legislative Commission on
Minnesota Resources funding to construct an in-stream sand trap below the Miller Hill Mall. The
project was not completed, but it is a priority for the Miller Creek JPB to complete a sediment
trap. Impacts from sand and sedimentation were not quantified for this project. Project partners
expect sedimentation to be a problem based on observations, the density of roads and parking
lots in the watershed, and the lack of practices to prevent sand from entering the stream.
Assessment of the project’s resource water quality
Temperature and Conductivity:
The Minnesota Pollution Control Agency identifies Miller Creek as a Class 2A waterbody
(Minn. R. Ch. 7052). Under this definition, Miller Creek faces certain standards protecting
aquatic life and recreation. More precisely, the water quality “shall be such as to permit the
propagation and maintenance of a healthy community of cold water sport or commercial fish and
associated aquatic life, and their habitats.”
The primary goal of this project is to preserve the natural habitat of the resident brook trout.
Brook trout, a coldwater fish, begin to show thermal stress at temperatures above 68o F (Johnson,
1995). Brook trout are affected by temperature in several ways. Increased temperature
decreases the oxygen solubility of the water, thus decreasing the amount of oxygen available for
the fish and other organisms for respiration. Increased temperatures can also increase the
metabolic rates of aquatic organisms and increase the sensitivity of these organisms to other
pollutants (such as chloride or total suspended solids), parasites, and diseases.
Various studies have looked at optimum water temperatures for brook trout in streams. A New
Mexico report titled, “Temperature Assessment Protocol,” provided a summary of the literature
(New Mexico, 1999). Temperatures naturally fluctuate daily and seasonally. These natural
fluctuations do not negatively influence native aquatic communities. However, anthropogenic
12

impacts can lead to changes in these natural temperature cycles and, therefore, negatively impact
the fishery. Such modifications can contribute to changes in the number and distribution of the
species.
Two upper limiting temperatures for a specific location and species have been identified for
freshwater aquatic life based on studies throughout the United States (USEPA, 1986). The
limiting temperatures consist of a short-term and a long-term exposure value. The short-term
limit is identified as a maximum temperature for short exposures that is time and species
dependent. The long-term limit is identified as a weekly average temperature determined by a
calculation between the optimum temperature for growth and the upper initial lethal temperature
for the species. The limit may be more restrictive during the species’ reproductive seasons, if
necessary.
Based on these criteria, the following recommendations were presented in the “Temperature
Assessment Protocol” for the short-term maximum temperature and a long-term maximum
temperature for brook trout:
Recommended Criteria for Coldwater Fisheries (1999)
A. Instantaneous temperature not to exceed 24.0º C (75.2º F) and
B. Temperatures do not exceed 20.0º C (68.0º F) for more than six hours in a 24-hour
cycle, and for no more than three consecutive days (full support) or
C. Temperatures may exceed 20.0º C (68.0º F) for greater than six hours, but no more
than eight hours in a 24-hour cycle, and for no more than three consecutive days
(partial support)
Miller Creek Temperature Data and Analysis
Table 4 and the following map at the end of this section indicate the locations for the sampling
sites used in the temperature study.
Figure 3 shows the data record for the Miller Creek temperature monitoring sites in 1997. The
figure provides an overview of the fluctuations in water temperatures in the creek on a daily and
seasonal basis. It also shows that creek temperatures often exceeded both the short-term and
long-term maximum temperature criteria desirable for brook trout (75º and 68º F, respectively)
as presented above.
The daily temperature range at the Miller Creek sites was about 5 - 10º F during the 1997
monitoring period (June through part of October). The temperatures at all the sites fluctuated on
about the same cycle. The daily minimum temperatures usually occurred between 7 a.m. and 11
a.m. The daily maximum temperatures generally occurred between 4 p.m. and 8 p.m. Figure 4
provides a detailed view of creek temperatures, flow and air temperatures during June 1997.
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Miller Creek Water Temperatures - 1997
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Table 1 and Figure 5 summarize the frequency and duration of temperatures in Miller Creek
exceeding 68º F. The highest frequency of exceedance was at the Miller Hill Mall site
(temperature greater than 68º F) for 50 days. There was greater pressure on brook trout when the
exceedances occurred for three or more consecutive days on five occasions in 1997 (again, based
on recommended temperature criteria listed above). The upper reaches of the creek tended to
have fewer temperature exceedances (>= 68º F). The Swan Lake Road site had water
temperatures above 68º F on only 11 days. The two most downstream temperature monitoring
sites (Anderson Road and Trinity Road) also had relatively fewer days where the temperature
exceeded 68º F (18 and 19 days, respectively). These observations may be the result of greater
ground water inputs and the improved stream cover.
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Miller Creek Water Temperatures - 1997
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Table 1

Summary Table of Temperature Exceedances (>= 68º F) in 1997
Site
Swan Lake Road
Wal-Mart
U-Haul
Beaver Pond
Sundby Road
Upstream Kohl’s Creek
Downstream Kohl’s Creek
Village Mall
Miller Hill Mall
Anderson Road
Trinity Road

Total #
of days
11
20
26
22
37
39
40
31
50
18
19

Average
hours/day
8
8
8
14
13
13
11
12
10
10
9

Minimum #
of hours
2
0.8
0.4
0.4
0.4
0.4
0.8
2.4
1.2
0.4
0.8

Maximum #
of hours
13.6
14.8
16.4
24
24
24
24
24
24
24
19.2

The pattern of temperatures present at the Beaver Pond site (fewer days with temperatures
exceeding 68º F and a smaller daily fluctuation in temperature) may indicate an insulating
function of the pond. A comparison could be made with the 1998 data following the breaching
of the beaver dam.
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As would be expected, the number and duration of temperature exceedances >= 75º F were much
less than for >= 68º F. Temperatures exceeded 75º F at one or more sites in Miller Creek during
12 days in 1997. Of these twelve, the temps exceeded 75º F at Miller Hill Mall nine times. The
duration of exceedances ranged from less than one-half hour to over 11 hours.
Figure 5
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Table 2

Summary Table of Temperature Exceedances (>= 75º F) in 1997
Site
Swan Lake Road
Wal-Mart
U-Haul
Beaver Pond
Sundby Road
Upstream Kohl’s Creek
Downstream Kohl’s Creek
Village Mall
Miller Hill Mall
Anderson Road
Trinity Road

Total #
of days
0
1
1
0
4
5
5
1
9
2
0

Average
hrs/day

Min. #
of hours

Max. #
of hours

0.4
0.4
0.4

11.2
11.2
11.2

1.6
0.8

8.8
3.2

2.8
3.2
4.8
4.5
4.2
5.2
4.2
2
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Miller Creek Temperature Exceedances (>= 75 deg. F) in 1997
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Figure 6

Based on a critical short-term duration time of two hours (Armour, 1991), the critical time for
exceedance was observed 18 times out of a total number of exceedances of 28 during the 12
days.
A general evaluation of the temperature data from the tributary monitoring sites in 1997 showed
that the tributary temperatures tended to be lower than the Miller Creek temperatures, with the
exception of the Wal-Mart tributary and Sundby Creek. The daily maximum temperatures
tended to be highest at these two tributaries and lowest at the Prison tributary and Kohl’s Creek.
The daily temperature fluctuation also tended to be the greatest at the Wal-Mart tributary and
Sundby Creek, and the smallest at the Prison tributary and Kohl’s Creek. The temperatures in
Firestone Creek tended to be intermediate to the other sites both in terms of daily maximums and
daily ranges.
Possible conclusions from the tributary data are that:
· The prison tributary and Kohl’s Creek provide the most constant source of cold water to
Miller Creek (compared to the other tributaries) and
· The Wal-Mart tributary and Sundby Creek sites are greatly affected by air temperature
and/or solar radiation.
A parallel conclusion may be drawn (circumstantial evidence) from some of the Miller Creek
sites, especially the Miller Hill Mall site. That elevated stream temperatures are largely
influenced by air temperatures and/or solar radiation, because of the lack of shading vegetation
through the commercial area. As noted previously, the fewer number of temperature
exceedances at the upper and lower stream sites may indicate a greater contribution of cold
ground water flows to the stream, as well as more shading vegetation.
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A negative effect of storm runoff on creek temperatures (increases in temperature) is not obvious
based on a visual evaluation of the creek temperatures during storm events. Elevated peaks in
temperature were noted in a few cases in 1997; however, in most cases, the creek temperatures
were lower during storm events. Much more detailed analysis of the data, flow patterns, and
climate data would be needed to specify the processes occurring in the watershed. The depressed
temperatures may largely be due to climactic factors (i.e., air temperatures tend to be lower
during rainy days than on sunny days; also, solar radiation is definitely lower) and would
overshadow any increases in temperature from runoff water heated by impervious surfaces. A
bigger factor of the impervious surfaces in the watershed in terms of water temperatures is
probably due to the change in hydrology in the watershed. While ground water sources are
limited due to the bedrock geology of the watershed, ground water contributions to the creek
(whether from a bedrock aquifer or more surficial storage and interflow) do provide the cold
water needed for the brook trout fishery of the creek. The presence of extensive impervious
areas result in quicker runoff to the creek and less infiltration through the ground and ultimately
to the creek.
As noted above, the dynamics of water flow in the watershed are complex. While a common
perception is that most of the water in a creek, especially during and following a rain event,
comes directly from surface water running into the creek; creek flow is more the result of water
moving through the ground as interflow from surficial storage in the soil which then seeps into
the creek, even in many storm events.
Specific conductivity data at the gage sites on Miller Creek provide some indication of the
source of the water in the creek. Specific conductance measurements can be used to give an
estimate of the dissolved solids content in water (Sawyer and McCarty, 1978). Precipitation
usually contains few dissolved solids and, therefore, has a low specific conductance (less than 20
umhos/cm). Water in the ground readily picks up ionized inorganic substances, which results in
a higher specific conductance. The base flow conductivity of Miller Creek ranges from 300 to
400 umhos/cm. As such, the specific conductivity of the water in Miller Creek provides an
indication of the source of the water in the creek.
Figure 7 shows a typical runoff event hydrograph with the associated specific conductivity data.
The specific conductivity prior to the event was about 350 umhos/cm. With the first increase in
flow, the conductivity quickly drops to 30 umhos/cm. This is probably due to a flush of
precipitation-derived runoff directly into the creek. After a short time, the specific conductivity
in the creek begins to increase, eventually getting back to background levels. The conductivity
would stay much lower if most of the runoff was coming from overland runoff, because it would
not be interacting with the below ground soils and rock thus gaining specific conductance.
Instead, the increasing specific conductance in the creek occurs as the first flush of rainwater is
replaced by subsurface water being displaced by precipitation infiltrating into the ground and
“pushing” the water that has been stored in the ground to the creek. This movement of water is
sometimes called interflow. As additional storm events occurred in June and July, the
conductivity of the creek water decreased much less with the first flush of runoff and stayed
higher throughout the events suggesting that the subsurface flow component of the event runoff
was even more significant. Figure 8 provides a diagram of the likely flow patterns to the creek
based on the data from the upper gage site.
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Specific Conductivity in Miller Creek During a Runoff Event - 1997
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Figure 8: Diagram of likely flow paths to Miller Creek during a storm event
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Conclusions:
The presence of a significant subsurface flow pathway is not unique to Miller Creek; however, it
probably plays an important role in the temperature dynamics of the creek. As more and more of
the watershed becomes impervious through development, it stands to reason that there will be
more surface runoff and less interflow to the creek. Less interflow would then mean less cold
water in the creek to help mitigate the heating influences along the creek. Protection of
“significant” cold-water source areas (i.e., Kohl’s Creek, headwaters areas, springs in Anderson
and Chambersburg Roads area) is important. Incorporation of BMPs that will enhance
infiltration and, therefore, interflow in the watershed should be pursued. These BMPs include
buffer areas, storm water infiltration practices, creek channel and riparian area restoration.

Table 4

Site Number
1
2
3
4
5
6
7
8
9
10
11
12

Location of sampling point
Swan Lake
Wal-Mart
U-Haul
Sundby Entrance
Below Beaver Pond
Upstream Kohl's
Downstream Kohl's

50 Yards downstream of Sundby Driveway to Kohl's
Immediately below Beaver Pond outfall
(1998 data only)
10 m upstream of Kohl's creek tributary
Immediately upstream of Kohl's Creek tributary culvert,
and downstream of mixing zone for the tributary.

Kohl's Creek
Village Mall
Miller Hill Mall
Anderson Road
Trinity Road
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Chloride:
Chloride standards are more exact. The limits for Class 2A waterbodies are 230 mg/L CS, 860
mg/L MS, and 1720 mg/L FAV (Minn. R. Ch. 7052).
Definitions:
Loading: The total amount of material brought into a water body by runoff, direct discharge
through pipes, groundwater, the air, and other sources over a specific period of time.
Chronic Toxicity (CS): The highest long term (roughly one-tenth of a lifespan or approximately
100 to 200 days for brook trout) water concentration of a toxicant to which organisms can be
exposed.
Acute Toxicity: In toxicity tests a response is normally observed in 96 hours or less. Acute
effects are often measured in terms of mortality or other debilitating effects.
Final Acute Value (FAV): The highest short-term (96 hours or less) concentration of a pollutant
corresponding to the cumulative probability of 0.05 in the distribution of all the acute toxicity
values for the species in question (in this case, brook trout).
Maximum Standard (MS): The highest concentration of a toxicant in water to which aquatic
organisms can be exposed for a brief time with zero to slight mortality.
High chloride loadings in Miller Creek occur in the Miller Hill Mall area and downstream.
Peaks occur in late winter and early spring. (See figures 9 and 10) The two primary sites of
concern appear to be the
Firestone site and the 26th
Chloride-1997
Avenue West site. These show
peaks above the acute toxicity
1200
levels.
1000
Chloride (mg/L)

The other sites also show high
peaks, but only above the
chronic levels. More data is
necessary to determine if the
chloride levels are above the
chronic standards for a
significant (over three months)
portion of the time. It is
probable that with better snow
management techniques,
especially with regard to
parking lot snow storage
management, these levels
could be brought down.
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Figure 9

Figures 9 and 10 show a decrease in concentrations after March. This is likely because with iceout (approximately late March), the snowmelt increases the dilution.
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Total Suspended Solids:
High total suspended solids (TSS) levels can impede trout respiration by clogging gill plates.
TSS can also decrease light levels reaching lower levels in the water column. As it deposits in a
stream, it can destroy spawning habitat, and harm the benthic organisms.
Similar to the chloride results, both the Firestone site and the 26th Avenue West site show high
levels of TSS. The other sites show measurable amounts, but not as dramatic results.
Figures 11 and 12 show the TSS levels measured in 1995 and 1999.
Figure 11
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Flow:
The flow data (Figures 13 and 14) show clearly the peaks in flow after rain events. These peaks
indicate immense amounts of impervious surface collecting water and depositing large volumes
of water into storm drains. Miller Creek stormwater modeling completed by NRRI indicated that
increases in commercial areas lead to increases in flow and pollution loads (Schomberg et al.,
2000). These bursts of water erode stream banks, and carry contaminants (like sediment, grease
and oil from vehicles, as well as other trash and pollutants from roads and parking lots).
Additional problems shown by the data are the conjunction of high temperatures with peaks in
flow. This represents massive volumes of heated water entering an already thermally stressed
system.
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1997 and 1998 Water Temperature and Flow,
26th Avenue West Site
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Macroinvertebrates:
The report “A Comparison of Macroinvertebrate Communities, Habitat, and Water Chemistry
Along the Length of Miller Creek,” by Carl Richards, Paul Tucker and Frank Kutka, provides a
macroinvertebrate based study of the Miller Creek. In this paper, it is reported that that there are
three impaired areas (with fewer macroinvertebrate communities) on Miller Creek. Figure 15
shows the results from the survey of macroinvertebrate species found in the sampling areas of
Miller Creek. The area above
Highway 53 and near the Sundby
Number of Separate Species Found at Each Site
Road crossing (site 3) shows some of
the lowest numbers of all the sites.
14
Site 3 has lower values for important
12
invertebrate metrics when compared
10
to areas upstream or just downstream.
8
The mall area (site 6) also shows
6
lower species counts. The third
impaired region is just downstream of
4
Lincoln Park (sites 10, 11, and 12).
2
However, the explanation for the
0
Site Site Site Site Site Site Site Site Site Site Site Site
degraded macroinvertebrate
1
2
3
4
5
6
7
8
9
10 11 12
communities found is not necessarily
poor habitat.
Figure 15
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Figure 16 illustrates these physical habitat values. Here it is obvious that although there were
low numbers of macroinvertebrates found at sites 3 and 6, the habitat scores were not
correspondingly low. Comparing this figure with the previous one, the sites with low
macroinvertebrate
populations but relatively
Physical Habitat Scores for Miller Creek Sites
high habitat values are some
70
priority areas.
60
50
Total QHEI score

It is suggested in the report
that surface runoff from the
airport region and from
parking lots in the mall area
are having a strong impact
on the macroinvertebrate
communities. These
communities serve as bioindicators, indicating which
stream reaches are under the
most stress from outside
pollutants.
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Increasing scores denote increasing values for fish and macroinvertebrate communities

Figure 16
Table 4 Site Identification for Macroinvertebrate Data

Site Number
1
2
3
4
5
6
7
8
9
10
11
12

Description
Haines Rd. Above Airport Rd.
Swan Lake Rd.
Above Hwy 53
Sundby Rd.
Below Maple Grove Rd.
Below Mall Parking Lot
Below Anderson Rd.
Above Trinity Rd.
Lincoln Park
Below 3rd St.
Below DTA
Mouth at St. Louis Bay

Additional findings from the report are that the values found for the macroinvertebrate
communities in Miller Creek are less than the values reported for other representative Duluth
area streams. The conclusion here is that the water quality in Miller Creek is lower than what is
generally achievable in the region.
Trout Surveys:
The Minnesota DNR has been performing brook trout surveys yearly since 1978. The
Population Assessment History (see Figure 17) put out by the DNR indicates a steady decrease
in the number of brook trout found in Miller Creek. This reduction in numbers can likely be
traced to the increase in pollution caused by the increase in development along the stream.
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Figure 17 - DNR report on brook
trout populations
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Implementation Plan Goals:
The Miller Creek JPB has identified six goals, which, if attained, will lead to improved trout
habitat within Miller Creek. The goals should form the framework for a coordinated program of
activities designed to alter individual and collective behaviors in order to affect positive change.
The goals make pollution prevention the overall goal of individual and institutional actions
affecting water quality.
Goal 1:
Goal 2:
Goal 3:
Goal 4:
Goal 5:
Goal 6:

Increase public knowledge of in-stream water quality issues
Reduce in-stream pollutants
Reduce pollutant loadings through implementation of best management
practices
Improve government management
Protect critical habitat and hydrologic reserve areas
Monitor stream water quality and management practice effectiveness

The following resource water quality goals provide a quantitative description of the changes
deemed necessary to begin the improvement in water quality needed in Miller Creek. Further
quantification of the goals will be completed as implementation of this plan occurs.
Resource Water Quality Goals
· To keep chloride concentration in Miller Creek less than the maximum standard
(860 mg/L) for brook trout.
· To reduce the duration of the time when chloride concentrations in Miller Creek
exceed the chronic standard (230 mg/L) for brook trout.
· To reduce the number and duration of time periods when Miller Creek
temperatures exceed chronic (68º F) and acute (75º F) criteria for brook trout.
· To reduce the amount of sand and smaller size sediment in the water and bottom
of Miller Creek.
Conclusions:
The three major problems facing Miller Creek are high chloride levels, sand loading, and high
stream temperatures. These problems can be correlated with the extensive development along
the Miller Trunk Highway and in the Miller Hill Mall area of Duluth and Hermantown. The
results of this development are increased impervious surface, increased road and parking area
maintenance and a reduction in vegetative canopy along Miller Creek. Future development
along the creek will continue to cause problems by increasing the amount of polluted storm
water runoff and degrading riparian habitat. Remediation work should address these issues and
the following implementation plan provides an action plan.
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IMPLEMENTATION PLAN
The purpose of the implementation plan is to outline goals and action items designed to solve the
water quality problems described in the diagnostic portion of this report. The implementation
plan addresses six goals identified in the diagnostic study. The following tables connect action
items with potential partnerships, time frames and budget estimates. In the tabular section, time
frames are broken down into short-term, long-term and ongoing categories. Short-term actions
are to be in place between 2001 and 2004. The long-term actions are to be in place after 2004
but certainly before the next 10 years. Ongoing actions need to remain in place indefinitely after
implementation. The implementation plan should be used as a work plan for Miller Creek
conservation efforts.
High temperatures, chloride loads and sedimentation are the three major Miller Creek water
quality problems. Development, polluted storm water runoff, street and parking lot maintenance
are the main contributors to these problems. The goals, objectives and action items below
address these problems and, if implemented, will improve Miller Creek water quality and
preserve brook trout habitat for future generations.
Funding Sources:
The recommended water quality solution is a mix of management practices to be implemented at
various times and with the help of many partners. The availability of funds will contribute to
when certain actions are completed. Grant programs, special levies and redirection of existing
budgets should all be considered potential funding sources for implementing the components of
this plan.
The city of Duluth recently approved the creation of a storm water utility fund and levies a user
fee on every Duluth building unit and parking lot. Capital improvement funds and storm water
utility funds should be used to pay for the structural components of this program and sustain the
on-going action items. Capital improvements include such items as installing grit chambers and
replacing perched culverts. On-going action items include things like intensive street and
parking area sweepings and proper snow pile management. These recommendations apply to
private properties as well as public infrastructure.
Short-term grant funds should be used to finance the short-term action items. The Miller Creek
JPB should make grant applications to both the Phase II Clean Water Partnership program and
the Coastal Zone Management Programl. Funds from both of these grant programs could be
used to fund the short-term action items of the implementation plan.
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Implementation Goals:
Goal 1:
Objective 1A:

Increase Public Awareness of In-Stream Water Quality Issues
Develop public education programs to teach local businesses and citizens
about the impacts polluted storm water runoff discharges have on water
quality.

Public education programs are part of the new Phase II Stormwater requirements. Working with
both cities of Duluth and Hermantown to develop education programs will benefit all involved.
·
·
·

Distribute educational materials to watershed residents that inform citizens about how their
actions affect Miller Creek water quality.
Encourage responsible management practices for business properties.
Support increased local watershed advocacy through education and organization.

Objective 1B:

·
·
·

Work with student groups and local environmental groups to distribute educational materials
alerting citizens and businesses of existing rules, regulations and ordinances designed to
protect water quality.
Develop a series of workshops designed to educate businesses and citizens about the need to
implement appropriate BMPs.
Organize student groups to encourage local businesses and other watershed residents to
implement appropriate BMPs.

Objective 1C:
·
·

Encourage programs with the goal of preventing or reducing pollutant
runoff from municipal operations.

Train municipal staff about appropriate pollution prevention measures and techniques.
Training should include proper salt and snow pile management, use of deicing chemicals,
alternatives to and the reduction of road salt and sand use and the value of intensive street
sweeping for sand, especially during early spring.

Goal 2:
Objective 2A:
·
·

Coordinate with local environmental groups and student groups to
campaign businesses and homeowners to implement and follow
appropriate BMPs.

Reduce In-Stream Pollutants
Reduce in-stream temperatures.

Plant trees to provide canopy cover shading key areas of the creek.
Designate appropriate vegetative buffer strip along the banks of Miller Creek.
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Goal 3:
Objective 3A:
·
·
·
·
·
·
·

·
·

Promote the incorporation of BMPs in storm water conveyance systems.

Promote the construction, use and maintenance of grit chambers and other filtration systems.
Work with city engineers to design culverts for fish passage.
Inventory and replace all perched culverts.
Promote the use of bottomless box culverts or open bottom culverts
Build an in-stream sand trap

Objective 3E:
·

Control post-construction runoff.

Acquire lands for greenways and buffer zones.
Set aside vegetative buffers, encompassing 100-year floodplain, steep slopes and wetlands.
Promote the use of porous pavement and grassed swales.
Promote the use of infiltration ponds, where appropriate.
Retrofit existing developments with appropriate stormwater practices.

Objective 3D:
·
·
·
·
·

Work with regulatory agencies to incorporate BMPs into their erosion and
sediment control programs.

Incorporate the use of innovative BMPs into Duluth's sediment and erosion control
ordinance.
Help design Hermantown's sediment and erosion control ordinance to allow the use of
innovative BMPs.
Petition the MPCA to redesign the conditions of the NPDES General Construction Storm
Water permit so as to allow the use of innovative BMPs.

Objective 3C:
·
·
·
·
·

Initiate watershed wide practices to reduce the flow of pollutants into the
creek.

Work with the cities of Duluth and Hermantown, MNDOT, and St. Louis County to increase
the rate of street and highway sweeping.
Promote early street sweeping.
Dedicate street sweepers to the mall area.
Locate funding for increased street sweeping.
Encourage business owners to intensify efforts to remove grit and sand buildup from their
parking areas through sweeping, especially during early spring.
Demonstrate to businesses the economic benefit of increased BMP usage. Specifically, the
benefits associated with improved public relations and decreased regulatory involvement.
Initiate stream bank stabilization projects.

Objective 3B:
·

Reduce Pollutant Loadings Through Implementation of Best Management
Practices

Reduce parking lot run-off.

Revise parking codes to reflect mass transit availability.
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·
·
·

Revise land use ordinances to include maximum parking ratio.
Promote use of compact car spaces, more efficient parking lanes, and grassed over-flow lots.
Promote the construction of runoff storage infiltration basins for existing lots that need
retrofitting or additional storage.

Goal 4:
Objective 4A:
·
·
·

·
·
·

Objective 5A:

Preserve undeveloped stretches of Miller Creek.

Protect and enhance existing wetland areas and greenways.

Establish a policy eliminating functional wetland destruction within the Miller Creek
Watershed through land use controls, and land protection tools like permanent conservation
easements.

Objective 5C:
·
·

Protect Critical Habitat and Hydrologic Reserve Areas

Preserve the hydrologic reserve areas of the Miller Creek headwaters, the Lincoln Park area
and the region around Lake Superior College.

Objective 5B:
·

Strengthen and enforce regulations to control pollutants.

Mandate that wetlands impacted in the Miller Creek Watershed be replaced within the
watershed.
Promote zoning in the cities of Duluth and Hermantown that reflects the importance of
protecting a trout stream.
Work with city of Hermantown in establishing sediment and erosion control ordinances.
Support zoning ordinances that reduce the amount of impervious surface within the
watershed and increase new construction setback requirements.

Goal 5:

·

Empower the Joint Powers Board to have a more active role in protecting
Miller Creek Watershed.

Provide the JPB with the means to review and comment on potential development projects
in the watershed.
Work with the cities of Duluth and Hermantown to strengthen the role of the Miller Creek
JPB in watershed protection, and foster continued cooperation between the two
communities.
Consider a future Miller Creek Watershed Management District.

Objective 4B:
·

Improve Government Management

Protect cooling inflows to Miller Creek.

Protect cooling tributaries to Miller Creek.
Identify and protect additional sources of cooling flows.
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Objective 5D:
·
·

Certain sections of Miller Creek have higher macroinvertebrate habitat values. The bulk of
the restoration efforts should focus on these areas.
Protect and restore priority fish habitat.

Goal 6:
Objective 6A:
·
·
·
·
·

Create a water quality-monitoring program for Miller Creek.

Coordinate all on-going research activities relating to Miller
Creek.

Develop a Miller Creek water quality database accessible to all interested parties, reducing
overlapping research and increasing data availability.

Objective 6C:
·
·
·

Monitor Creek Water Quality and Management Practice Effectiveness

Monitor effectiveness of existing storm water ponds.
Utilize hydrologic gauging station(s).
Encourage local colleges and universities to monitor quantity and quality of aquatic biota as
part of class study.
Monitor temperature, which will not only provide information relating to restoration efforts,
but will also furnish information for state mandated temperature TMDL, reducing later
efforts.
Enroll volunteers in a citizens’ stream monitoring program.

Objective 6B:
·

Protect and restore critical in-stream habitat.

Monitor local management practices.

Monitor local BMP adherence and maintenance.
Participate in Duluth and Hermantown’s storm water management planning process.
Participate in the cities’ Phase II NPDES Municipal Separate Storm Sewer System (MS4)
permit application.
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Milestone Schedule and Cost Estimates
Goal 1:
Increase Public Awareness of In-stream Water Quality Issues
Objective/Action
Participants
Time Frame
Cost
SWCD
A. Develop public
MPCA
education
Local high schools
programs to teach
Local Businesses
local businesses
Local environmental
and citizens about
organizations
the impacts of
City of Duluth
polluted storm
City of Hermantown
water
1. Develop and distribute
educational materials
to citizens and
businesses

Short-term

2. Place advertisements
in newspaper and
radio

Short-term

3. Support and encourage
watershed advocacy
groups

Short-term

*, **

Short-term

$10,000

B.

Campaign area
businesses to
implement and
follow BMPs

1. Develop and distribute
education materials
2. Develop and
implement workshops

$20,000

Chamber of
Commerce
Small Business
Assistance Center
Hermantown and
Duluth schools
Environmental
groups
SWCD
MPCA
MECA

3. Organize student
groups
C.

Encourage
programs to
prevent or reduce
pollutant runoff
from municipal
operations

$10,000

Short-term
$20,000
Short-term

*, **

City of Duluth
City of Hermantown
MPCA
MDOT
St. Louis County
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1. Develop training
materials

Short-term
On-going

2. Train municipal staff

Goal 2:
Reduce In-stream Pollutants
Objective/Action
Participants
A. Reduce in-stream SWCD
temperatures
Joint Powers Board
Local high schools
1. Plant trees
Private landowners
Businesses along
2. Designate vegetative Miller Creek
buffer strip along
NRCS
stream banks
Duluth
Hermantown

$6,000
$10,000

Time Frame

Cost

Short-term
On-going

$20,000
***, ****

Long-term
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Goal 3:
Practices

Reduce Pollutant Loadings Through Implementation of Best Management

Objective/Action
A. Initiate
watershed wide
practices to
reduce the flow
of pollutants into
the creek

Time Frame

Cost

1. Increase rate of
street sweepings

Short-term
On-going

***

2. Educate business
owners about
parking lot
maintenance

Short-term
On-going

*, ***

3. Demonstrate the
economic value of
using BMPs

Short-term
On-going

*, ***

4. Initiate stream bank
stabilization
projects

Long-term

****

Short-term

*, ***

B.

Work with
regulatory
agencies to
incorporate
BMPs into their
erosion and
sediment control
programs

1. Help design
Hermantown's
sediment and
erosion control
ordinance

Participants
SWCD
PCA
Local businesses
MDOT
St. Louis County
City of Hermantown
City of Duluth

MPCA
City of Hermantown
City of Duluth
SWCD
Joint Powers Board
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2. Petition MPCA to
redesign NPDES
permit to make it
more conducive for
innovative BMP
implementation

Short-term

*, **

3. Incorporate
innovative BMPs
into Duluth’s
erosion and
sediment control
ordinance

Short-term

*, ***

Long-term
On-going

*, ***

1. Inventory all
culverts

Short-term

*, ***

2. Inventory all storm
sewer collection
points

Short-term

*, ***

3. Replace perched
culverts

Long-term

****

4. Install grit
chambers or other
filtration systems

Long-Term

****

5. Build an in-stream
sand trap

Short-term

$50,000

C.

Control post construction
runoff

1. Promote the use of
grassed swales, porous
pavement and
infiltration ponds
D.

Promote the
incorporation of
BMPs in new
and existing
storm water
conveyance
systems

MDOT
St. Louis County
Hermantown
Duluth
MPCA

Hermantown
Duluth
MDOT
St. Louis County
MPCA
SWCD
Joint Powers Board
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E.

Reduce Parking
Lot Run-off

City of Hermantown
City of Duluth
Local businesses

1. Revise parking
codes

Long-term

*, **

2. Revise land use
ordinances to reflect
maximum
impervious surface
ratios

Long-term

*, **

Goal 4:
Improve Government Management
Objective/Action
Participants
Joint Powers Board
A. Empower the Joint
SWCD
Powers Board
BSWR
1. Provide the Joint Powers
City of Duluth
Board with the means to
City of Hermantown
review and comment on
potential development
projects in the watershed

Time Frame

Cost

Short-term

*, **

2. Strengthen role in Miller
Creek conservation and
continue to develop
cooperation between
Duluth and Hermantown

Short-term
On-going

*, **

3. Consider a future Miller
Creek Watershed
management district

Long-term

*, **, ***

Short-term
On-going

*, **

B.

Strengthen and
enforce regulations to
control pollutants

1. Propose stricter wetland
banking regulations

MPCA
SWCD
Duluth
Hermantown
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2. Provide Hermantown with
model sediment and
erosion control ordinance

Short-term

3. Promote zoning aimed and
protecting an urban trout
stream

Short-term
On-going

4. Support zoning that limits
impervious surface and
increases setbacks from
the creek

Short-term
On-going

*, ***
*, **

Goal 5:
Protect Critical Habitat and Hydrologic Reserve Areas
Objective/Action
Participants
Time Frame
City of Duluth
Long-term
A. Preserve
City of Hermantown
undeveloped
SWCD
stretches of Miller
Private land owners
Creek

*, **

Cost
****

B.

Protect and
enhance existing
wetland areas

BSWR
Corps of Engineers
Hermantown
Duluth

Short-term
On-going

****

C.

Protect cooling
inflows to Miller
Creek

DNR

Short-term
On-going

****

D.

Protect critical instream habitat

DNR

Short-term
On-going

****
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Goal 6:
Monitor Water Quality and Management Practice Effectiveness
Objective/Action
Participants
Time Frame
Cost
A. Create a water quality SWCD
monitoring program
PCA
for the Miller Creek
NRRI
UMD
1. Monitor effectiveness of
***
LSC
Short-term
existing storm water
On-going
EPA
sedimentation ponds.
DNR
2. Utilize hydrologic gauging
stations.

Short-term

*, ***

3. Encourage local colleges
and universities to take on
monitoring projects.

Short-term
On-going

*, ****

4. Monitor stream
temperature and
stromwater control outlet
temperature.

Short-term

***

5. Enroll volunteers in
stream monitoring
programs.

Short-term
On-going

*, **

Short-term
On-going

****

1. Monitor local BMP
adherence and
maintenance.

Short-term
On-going

***

2. Participate in local storm
water management
planning.

Short-term
On-going

*, **

3. Participate in future MS4
permit application
submittals.

Short-term
On-going

*, **

B.

Coordinate all ongoing research
activities relating to
Miller Creek.

1. Develop a Miller Creek
water quality database.
C.

Monitor local
management practices.
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Estimated costs were not determined for all Objectives/Actions for the following reasons:
*
Work may be completed utilizing existing staff (in-kind contributions).
**
No cost for action.
*** Cost unknown at the present time.
**** Costs to be determined as a specific project is designed or proposed.

42

References:
Anderson, Jesse, Tom Estabrooks, and Julie McDonnell. Duluth Metropolitan Area Streams
Snowmelt Runoff Study. Minnesota Pollution Control Agency. March 2000
Armour, C. 1991. Guidance for evaluating and recommending temperature regimes to
protect fish. U.S. Fish and Wildlife Service, National Ecology Research Center.
Biological Report 90 (22), December 1991.
New Mexico Environment Department, Surface Water Quality Bureau. 1999.
Temperature Assessment Protocol. Santa Fe, NM.
http://www.nmenv.state.nm.us/swqb/tmdl_idx.htm
USEPA. 1986. Quality criteria for water: 1986. EPA 440/5-86-001. U.S.
Environmental Protection Agency, Office of Water Regulations and Standards.
Washington, D.C. (Gold Book).
Sawyer, C. N. and P. L. McCarty. 1978. Chemistry for Environmental Engineering.
Third Edition. McGraw-Hill Book Company. 532 pp.
Johnson, Kent, Trout Unlimited. 1995. Urban Stormwater Impacts on a Coldwater Resource.
Poster presentation at Society of Environmental Toxicology and Chemistry. Vancouver, British
Columbia, Canada.
Minnesota Pollution Control Agency. Lake Superior Basin Information Document. June 1997.
Minnesota Pollution Control Agency: Protecting Water Quality in Urban Areas. Best
Management Practices for Minnesota. March 2000.
Minn. R. Ch. 7050.0470 Classifications For Waters In Major Surface Water Drainage Basins.
Subpart 1. Lake Superior Basin. A. Streams (141) Miller Creek.
Richards, Carl, Paul Tucker, and Frank Kutka. A Comparison of Macroinvertebrate
Communities, Habitat, and Water Chemistry along the Length of Miller Creek. Natural
Resources Research Institute: Technical Report # NRRI/TR-92/13.
Sandstrom, Paul. Personal Communication. District Conservationist, Natural Resources
Conservation Service. October 2000
Schomberg, Jesse, Carl Richards, and George Host. Miller Creek Stormwater Modeling. Natural
Resources Research Institute: Technical Report # NRRI/TR-2000/06.
South St. Louis Soil and Water Conservation District. The St. Louis River System Remedial
Action Plan. Appendix M, Urban Land Use Effects on Nonpoint Pollution Loading: The Miller
Creek Case Study. September 1992

43

